Videoendoscopic examination of swallowing is useful to examine for aspiration of saliva and food at the bedside. The purpose of the present study was to compare saliva aspiration to aspiration of food in patients with dysphagia. The subjects were 120 hospitalized patients (73 males, 47 females; mean age 82.8 ± 8.5 yrs) who underwent videoendoscopy. The presence of saliva aspiration, food (thick liquid of two different viscosities, thin liquid and solid food) aspiration, silent aspiration, and aspiration after swallowing were evaluated in each patient. Saliva aspiration was found in 41 (34.2%) patients. Aspiration of liquids with honey-like and nectar-like thicknesses was found in 28 (23.3%) patients and 48 (40.0%) patients, respectively. The total number of cases of aspiration of saliva and/or food was 104 (86.7%). Of these aspirators, silent aspiration was found in 44 (36.7%) patients, and aspiration after swallowing was found in 52 (43.3%) patients. Thick liquid was aspirated more frequently in patients with saliva aspiration. The proportion of silent aspiration and of aspiration after swallowing was higher in the saliva aspiration group. The results indicate that patients who aspirate saliva are also prone to food aspiration. But, there were patients who aspirated saliva but did not aspirate food. These patients were able to carry out direct therapy using thick liquid or other food adjusted properly. Food aspiration after swallowing may be induced by saliva aspiration.
the larynx. Thus, saliva accumulates in the hypopharynx and trickles into the trachea during the swallowing reflex and in the intervals between the swallowing reflexes clinically. For patients with saliva aspiration, exercises without food (indirect therapy) are carried out to improve this pharyngeal function first. However, we sometimes encounter patients who can carry out training using food (direct therapy) even if they aspirate saliva. There have been few reports to date regarding the relationship between saliva aspiration and food aspiration. In this study, videoendoscopic examination of swallowing was used to compare saliva aspiration to aspiration of thick liquid with two types of viscosity (nectar-like and honey-like) and other food in patients with dysphagia hospitalized in municipal hospitals.
Materials and Methods

Subjects
Subjects included 124 patients who were hospitalized at Iida Hospital in Nagano Prefecture between September 2011 and September 2013 who had dysphagia and underwent videoendoscopic examination of swallowing. Four patients who underwent tracheotomy were excluded, giving a final total of 120 patients (73 males, 47 females; mean age 82.8 ± 8.5 yrs, age range 56-98 yrs). The most common reason for hospitalization was pneumonia, accounting for half of the patients, followed by cerebrovascular disease ( Table  1) . The most common primary disease underlying dysphagia was cerebrovascular disease ( Table 2 ). The nutritional route was oral ingestion alone in 31 patients, combined oral ingestion and tube feeding in 32 patients, and tube feeding alone in 57 patients. Of the 89 patients who took nutrition via tube feeding, 8 were fed through a gastrostomy tube and 8 through a nasogastric tube.
Methods
The age, sex, primary disease, prior diseases, nutritional route, presence of saliva aspiration, presence of food aspiration, presence 
Introduction
Saliva contains large amounts of bacteria, and aspiration of saliva poses a risk of pneumonia. Aspiration of saliva and nasal secretions during sleep has been measured with methods using radioisotopes such as indium or technetium [1] [2] [3] [4] . These studies report aspiration of saliva and nasal secretions in 10-100% of healthy persons, 70% of patients with depressed consciousness, 71% of patients with community-acquired pneumonia, and 100% of patients with chronic sinusitis and asthma. Saliva aspiration has also been found in 48% of patients under sedation with anesthetics [5] , and aspiration of gastric contents was found in 8.3% of patients who did not vomit during surgery under general anesthesia [6] . With regard to saliva aspiration when awake, videoendoscopy carried out on 81 patients undergoing otolaryngological examination who did not complain of dysphagia showed saliva aspiration in two cases [7] . Saliva aspiration was reported in 12.1% of nursing home residents with dysphagia, and in 46% of outpatients with stable health and dysphagia [8] . Takahashi et al. reported that saliva aspiration is associated with pneumonia and weight loss; thus, improvement of saliva aspiration is important [8] .
Thorough oral care is important for improving oral hygiene to prevent pneumonia due to saliva aspiration, and training to improve saliva aspiration itself is also necessary. The likely causes of saliva aspiration are pharyngeal dysfunction that results in aspirating saliva as a liquid and reduction in sensory perception of the swallowing reflex and the cough reflex in response to saliva and its penetration to
Avens Publishing Group
Inviting Innovations
Page -02
of silent aspiration and presence of aspiration after swallowing for each patient were extracted retrospectively from the database of the results of videoendoscopic examination of swallowing. Saliva aspiration was rated as present if flow of saliva into the trachea was confirmed visually by a dentist and two speech language therapists at the start of videoendoscopy. Two types of thick liquid were ingested during videoendoscopy, nectar-like and honey-like. The viscosity was adjusted by adding water to thickening agent (Neo Hightoro Meal R&E, Food Care, Kanagawa, Japan) to nectar-like (200-300 mPa·s) and honey-like (400-500 mPa·s) viscosity. The liquid used during videoendoscopy was colored with green food coloring, 4 mL of thick liquid were placed in the oral vestibule using a syringe, and the patients swallowed the formula in their own time. Patients also ingested various volume of thin liquid or solid food, depending on their severity of dysphagia, during videoendoscopy. Cases in which there was no cough reflex or any reaction to expectorate the aspirated matter after confirmation of liquid or food aspiration were judged to be silent aspiration. Aspiration following swallowing was rated as pharyngeal residue aspirate after the swallowing reflex.
Statistical analysis
The patients were divided into two groups on the basis of the presence or absence of saliva aspiration, and the other items were compared. An independent two-sample t-test was carried out to compare the mean ages of the two groups. A chi-squared test was used to compare the presence of saliva aspiration by sex, presence of food aspiration, presence of silent aspiration, and presence of aspiration after swallowing. A p-value <0.05 was considered significant.
Results
Saliva and food aspiration
Saliva aspiration was found in 41 of 120 patients. Aspiration of honey-like thick liquid was found in 28 patients, and aspiration of nectar-like thick liquid was found in 48 patients. The total number of cases of aspiration of liquid and/or food during videoendoscopy was 104. Of these aspirators, silent aspiration was found in 44 patients, and aspiration after swallowing was found in 52 patients (Table 3) .
Comparison by presence or absence of saliva aspiration
The mean age of participants was 82.8 ± 8.5 years for the saliva aspiration group and 82.9 ± 9.0 years for the no saliva aspiration group, with no significant difference between the two groups (p = 0.97, t-test). The saliva aspiration group consisted of 26 males and 15 females, and the no saliva aspiration group consisted of 47 males and 32 females, with no significant difference between the groups (chisquared test, p = 0.70). The honey-like thick liquid was aspirated by 19 patients in the saliva aspiration group and by 9 patients in the no saliva aspiration group, with the proportion of aspiration significantly higher in the saliva aspiration group (chi-squared test, p <0.001). Similarly, the nectar-like liquid was aspirated by 25 patients in the saliva aspiration group and by 23 patients in the no saliva aspiration group, with the proportion of aspiration significantly higher in the saliva aspiration group (chi-squared test, p <0.001). The proportions of silent aspiration and of aspiration after swallowing were higher in the saliva aspiration group (chi-squared test, p = 0.03, p <0.001 respectively) ( Table 4) .
Discussion
Aspiration of saliva
Saliva aspiration by healthy persons during non-waking time has been shown by studies using radioisotopes with sleeping subjects [1] [2] [3] [4] . Aspiration of even minute amounts of saliva can be detected Table 3 : Aspiration of saliva and food during videoendoscopic evaluation (N=120).
Saliva aspiration n=41
No saliva aspiration n=79 using radioisotopes, but videoendoscopic examination of swallowing also allows visual examination of saliva aspiration [7] [8] [9] . In the present study, aspiration when awake was found in 41 of 120 cases (34.2%). Takahashi et al. carried out videoendoscopic examination of swallowing in 148 elderly residents of nursing care facilities (age 85.1 ± 8.0 years) that consumed food orally and were suspected of having dysphagia from a questionnaire [8] . They reported that saliva aspiration was found by videoendoscopy in 18 people (12.2%), and that subsequent follow-up showed that saliva aspiration was a factor in pneumonia and weight loss. Schröter-Morasch et al. carried out videoendoscopic examination of swallowing in 39 neurogenic dysphagia patients (age range 21-79 years, median age 57 years) with stable physical conditions and good understanding of instructions [9] . They reported saliva aspiration in 18 of the 39 patients (46%). The present results show a different proportion of saliva aspiration than either of these two studies, but the level of consciousness and the level of dysphagia of the subjects differed in each study such that direct comparisons cannot be made.
Relationship between saliva aspiration and food aspiration
In the present study, aspiration was investigated with thick liquid of two levels of viscosity, and aspiration was found in many patients who aspirated saliva. The results indicate that patients who aspirate saliva are also prone to food aspiration. Possible causes of saliva aspiration are pharyngeal dysfunction that aspirates saliva as a liquid, and reduced sensation leading to a lack of the swallowing reflex even when saliva accumulates in the pharynx; seemingly to also lead to food aspiration. Cases of reduced function in which saliva accumulates in the pharynx are likely to be the result of impaired pharyngeal clearance due to incomplete pharyngeal constriction or impaired opening of the upper esophageal sphincter, or else sensory decline, such as delay of the swallowing reflex or an increased threshold level of the cough reflex [10] . We intend to examine the characteristics of functional reduction in patients with saliva aspiration by videofluorographic evaluation of swallowing (VF) in the future. There were many patients who showed aspiration after swallowing among patients with saliva aspiration. Smith et al. reported that aspiration after swallowing is the most frequent timing of aspiration [11] , and in the present study, aspiration after swallowing was found in 50% of cases that aspirated. In cases in which saliva accumulates as a result of pharyngeal dysfunction, food is likely to accumulate in the pharynx in the same way; and clinically, there have been many cases in which food and saliva that accumulated in the pyriform sinus flowed into the trachea together, such that food aspiration after swallowing is induced by saliva aspiration.
Nonetheless, there were patients who aspirated saliva but did not aspirate the thick liquid. These patients were able to carry out direct therapy using thick liquid and to take food in paste form with the viscosity adjusted. For some patients their saliva may be more difficult to swallow than thick liquid with proper viscosity. We intend to investigate the relationship between the characteristics of saliva and saliva aspiration in the future.
Silent aspiration
Silent aspiration was found in 44 (42.3%) of the 104 patients in whom aspiration was present. Takahashi et al. reported silent aspiration in 19 (31.7%) of 60 patients who aspirated food [8] . Leder et al. carried out videoendoscopic examinations of swallowing in 400 inpatients, and found aspiration in 225 patients (56.3%), of whom 110 (48.9%) showed silent aspiration [12] . Garon et al. carried out VF of 2,000 inpatients, and found aspiration in 51%, of whom 55% showed silent aspiration [13] . Rosenbek et al. defined silent aspiration as when material enters the airway, passes below the vocal folds, and no effort is made to eject it [14] . Blitzer et al. defined silent aspiration as the passage of food or liquids through and below the level of the true vocal folds, without producing a reflexive cough or other overt sign that aspiration has occurred [15] . In the present study, cases in which food, regardless of the amount, passed the vocal cords and entered the trachea with no coughing were considered to be silent aspiration. However, Leder et al. reported that silent aspiration is affected by the amount of aspiration [16] . There are also patients in whom coughing is considerably delayed, so a definition of silent aspiration that includes the time from aspiration until coughing is needed. Silent aspiration is common among patients who aspirate saliva, and it appears that saliva aspiration is furthered by a reduction in laryngeal sensation, such as the swallowing reflex or the cough reflex. In the present study, patients with tracheotomy were excluded. Aspiration in tracheotomy patients is often silent, and these patients are at high risk of saliva aspiration [17] . We intend to examine the relationship between tracheotomy and aspiration in the future with a larger number of cases.
